ABSTRACT Pale swallow-wort (Vincetoxicum rossicum [Kleopow] Barbar.) and black swallow-wort (V. nigrum [L.] Moench), European species of herbaceous, perennial viny milkweeds, have become increasingly invasive in various natural and managed habitats in the northeastern United States and southeastern Canada, including low-and high-light habitats. A classical biological control program is being developed, but almost no information was available on the current arthropod fauna for either species in the invaded range. I conducted quantitative surveys on pale and black swallow-wort at several locations in New York State over 3 yr to identify and compare the seasonal assemblage of phytophagous arthropods that are feeding and developing on the plants in sunny and shaded habitats. Of the Ϸ84 nonpredatory species collected, 10 polyphagous, ectophagous species of native and exotic arthropods were identiÞed, exclusively from the leaves or stems, which could develop to the adult stage and in most cases complete at least one generation on one or both species of swallow-wort. However, their densities were low throughout the season and generally did not differ between the sunny and shaded habitats. Very little to no damage was observed on the plants. Exotic swallow-worts seem to have been released from specialized natural enemies and have not accrued a damaging suite of generalist herbivores. This may be a contributing factor in the increasing invasiveness of these weeds, and biological control appears promising for these plants.
Pale swallow-wort (Vincetoxicum rossicum [Kleopow] Barbar. ϭ Cynanchum rossicum [Kleopow] Borhidi) and black swallow-wort (V. nigrum [L.] Moench ϭ C. louiseae Kartesz and Gandhi, C. nigrum L. Pers., non Cav.) (Apocynaceae-subfamily Asclepiadoideae) are exotic, herbaceous, perennial vines that have become increasingly invasive in various natural and managed habitats in the northeastern United States and southeastern Canada, especially New York State, southern New England, and Ontario (Tewksbury et al. 2002b , DiTommaso et al. 2005 . Also known as the dog-strangling vines, pale swallow-wort is native to Ukraine and southeastern European Russia, whereas black swallow-wort is native to southwestern Europe (Markgraf 1972) . Both species were introduced into North America in the mid-to late-1800s, apparently as ornamentals, but it only has been within the past 30 yr that concerns have been raised about the invasive potential of these plants (Monachino 1957 , Moore 1959 , Pringle 1973 , Sheeley 1992 , Lawlor 2000 . Infestations of the two species are an increasing problem in nurseries, Christmas tree farms, pastures, and forests, and they pose a risk to some threatened and endangered plant species as well as the globally rare alvar communities around Lake Ontario (Lawlor 2000 , Tewksbury et al. 2002b , DiTommaso et al. 2005 . Both species of Vincetoxicum may negatively affect monarch butterßies, Danaus plexippus (L.), which lay eggs on the plants but whose larvae cannot survive on these novel hosts (DiTommaso and Losey 2003 , Mattila and Otis 2003 , Casagrande and Dacey 2007 . Pale swallow-wort also has a negative effect on the abundance of grassland birds and arthropods in old-Þeld communities (DiTommaso et al. 2005, Ernst and .
Mechanical control is considered ineffective and chemical control is inconsistent with repeat applications being necessary to suppress regrowth. Nontarget damage from either approach is a concern in natural areas (Christensen 1998 , Lawlor and Raynal 2002 , DiTommaso et al. 2005 , McKague and Cappuccino 2005 , Averill et al. 2008 . Therefore, the USDAÐARS initiated a biological control program for Vincetoxicum spp. in 2004. Specialized natural enemies of Vincetoxicum spp. are known from Europe, so the identiÞcation of host-speciÞc biological control agents seems promising (Tewksbury et al. 2002b, unpublished data) . However, before any release of approved biological control agents, it is of interest to determine what native and non-native arthropods are attacking the This article reports the results of research only. Mention of a proprietary product does not constitute an endorsement or a recommendation by the USDA for its use.
target weeds to generate a quantitative, baseline level of insect densities and plant damage, as well as to identify any ineffective natural enemies of the target weeds that may have been accidentally introduced into North America along with the plants (Goeden and Ricker 1968 , Wheeler and Mengel 1984 , Cassani 1986 , Hight 1990 , Syrett and Smith 1998 .
In North America, little to no damage reportedly occurs to pale swallow-wort by arthropods, diseases, or vertebrates such as deer (Sheeley 1992 , Christensen 1998 , Lawlor 2000 , Carpenter and Cappuccino 2005 , Ernst and Cappuccino 2005 , which may be a contributing factor in its spread and increasing abundance. However, some of these reports are anecdotal. Also, a comparative study of the insect fauna of herbs and grasses in Ontario old-Þelds by Ernst and Cappuccino (2005) did not include conÞrmation that the arthropods collected from pale swallow-wort successfully fed or developed on it. No studies have assessed the presence of internally feeding and below-ground herbivores for pale swallow-wort, nor has the domestic arthropod fauna of black swallow-wort been studied apart from pollinators (Lumer and Yost 1995) . In addition, Vincetoxicum infestations occur in open Þeld (high light or sunny), forest edge, and forest understory (low light or shaded) habitats (DiTommaso et al. 2005 , Milbrath 2008 ), although black swallow-wort is usually not observed growing under heavy shade (unpublished data). The diversity of habitats in which these species are found may therefore inßuence the type or densities of arthropods found on the plants. Therefore, the objective of this study was to identify, quantify, and compare the seasonal assemblage of phytophagous arthropods that are currently feeding and developing on pale and black swallow-wort in sunny and shaded habitats in New York State.
Materials and Methods
Arthropod surveys were conducted in New York State over 3 yr (2005Ð2007) . Field sites were selected that had at least a 10-yr history of swallow-wort infestation and where there was no active management of swallow-wort. Because both species are still expanding their range and many existing populations were unknown or difÞcult to access, the survey focused on more frequent sampling of a smaller set of populations. The two swallow-wort species were surveyed in different parts of the state because they currently do not co-occur in New York except at a few known locations. Field surveys were conducted every 2Ð 4 wk from May to August/September, i.e., when new stems or vines began to grow until plant senescence in the high-light habitats. All phenological stages of the plants were therefore sampled. A total of 142 separate collections were made. Plants were sampled, if possible, within two habitat types (sunny or shaded) at each site for comparisons of the arthropod fauna. Sunny habitats were old Þelds or right-of-ways, whereas shaded habitats were forest understories. Swallow-wort stems were selected for sampling by haphazardly picking the nearest stem at every 10th stride in a zig-zag pattern across the site. On each sampling date, a total of 50 stems per habitat and site were visually examined for damage or signs of disease and the presence of arthropods. The number of each type of arthropod on the leaves, ßowers, follicles (seed pods), and stems was counted using a ϫ10 magniÞer. Arthropods were identiÞed in the Þeld if possible, and specimens were collected for laboratory rearing and further identiÞcation. Some additional plants were examined to supplement arthropod collections for rearing only. Predatory arthropods were identiÞed, but quantitative information was not collected on these taxa. All examined stems were tagged, returned to the laboratory in coolers, and refrigerated before being dissected for internally feeding herbivores of the stems and follicles. High numbers of mites at some locations and sampling dates necessitated only counting the number of colonies per stem in the Þeld. To estimate mite densities per colony, 10 mite-bearing leaves were haphazardly collected into individual plastic, resealable bags and returned to the laboratory for examination under a stereomicroscope. The average number of mites per colony (not including eggs) was determined and used to calculate the number of mites per stem. Twenty haphazardly selected rootstocks (sampling unit) per habitat and site were dug up every 10th stride through the surveyed areas and returned to the laboratory for examination and dissection for herbivores in the roots, rootstock, and any crown buds that were present. The entire root mass could not be excavated, because swallow-wort roots can extend a meter from the root crown in all directions and the plants also grow in rock crevices. Hence, root-feeding arthropods that potentially occur on swallow-wort would not be represented in this survey unless they occurred near the rootstock. At one site (Town of Coeymans, understory habitat), the black swallow-wort patch was relatively small and only 25 stems and 10 rootstocks were collected for each sampling date.
Arthropods were reared in nylon mesh bags tied to potted swallow-wort plants in an environmental growth chamber at 25:20ЊC and a photoperiod of 16:8 h (L:D) to determine whether they could successfully feed, develop, and reproduce (hereafter referred to as conÞrmed herbivores) on the respective species of swallow-wort from which they were collected in the Þeld. Specimens were sent to the USDAÐARS Systematic Entomology Laboratory, Beltsville, MD, or Department of Entomology, Cornell University, Ithaca, NY, for identiÞcation. Voucher specimens were deposited with the National Collection of Insects and Mites of the National Museum of Natural History, Smithsonian Institution, Washington, DC (under Lots 0611575 and 0709981) and the Cornell University Insect Collection, Department of Entomology, Ithaca, NY (under Lot 1263).
For each Vincetoxicum species and survey-year (except 2006 black swallow-wort), the experimental design was a one-way treatment structure (habitat) in a randomized complete block design. Each site served as a block with n ϭ 3Ð 4 per sampling date depending on the swallow-wort species and year. For black swallow-wort in 2006, only data from Bear Mountain State Park were analyzed as a one-way treatment structure (habitat) in a completely randomized design (n ϭ 50 per sampling date) because Ward Pound Ridge Reservation did not have a shaded habitat. Comparisons could not be made between the two Vincetoxicum species because the survey sites were located in different regions of the state. Arthropod densities (all nonpredaceous arthropods collected or only conÞrmed herbivores) were compared between habitats for each of the sampling dates using analysis of variance (ANOVA; PROC MIXED, SAS Institute 2004). Data were square-root transformed. Each sampling date given in the Þgures represents a middle date of the 2-to 10-d period during which all sites were surveyed for a particular species of Vincetoxicum.
Results and Discussion
General Results. No insects or mites were found inside the stems, follicles, rootstocks, or crown buds, or externally on the roots, rootstocks, or crown buds, of pale and black swallow-wort at any time during the growing season (May to September), based on dissections of Ϸ7,000 stems, 15,000 follicles, and 2,700 rootstocks over the 3 yr of this study. No damage was observed on or in these structures except for a few follicles that had limited signs of chewing damage, possibly from grasshoppers. A total of 44 identiÞed genera or species plus a conservatively estimated 40 morphospecies of unidentiÞed, nonpredatory arthropods from 29 families and 9 orders were collected primarily from swallow-wort leaves, with a few found externally on the stems, ßowers, and follicles (Table  1) . However, only 10 polyphagous species, 7 from black swallow-wort and 8 from pale swallow-wort, were conÞrmed to feed and successfully develop on the plants (Table 1) . Two of the 10 ectophagous species caused some visible signs of damage, and almost all of the species were found in both habitats (Table  1) . No obvious signs or symptoms of plant pathogens were observed.
The number of nonpredatory arthropods per plant stem, whether of all species collected or only those species using Vincetoxicum as a developmental or reproductive host (conÞrmed herbivores), generally did not differ over time between the sunny and shaded habitats for pale or black swallow-wort, except for some greater densities of arthropods in the sunny habitat on black swallow-wort in 2006 (P Ͻ 0.03; Figs. 1Ð 4). Arthropod densities for conÞrmed herbivores were generally low season-long, less than two individuals per stem, with higher densities in 2005 as a result of infestations of twospotted spider mites (Tetranychus urticae Koch; Figs. 1Ð 4). Twospotted spider mites accounted for 73Ð100% of conÞrmed herbivores on pale swallow-wort for a given sampling date in 2005 (Fig. 1B) . However, they were conspicuously rare in 2006, resulting in the much lower arthropod densities on pale swallow-wort in sunny habitats (Fig. 2B ). Over the 3 yr of the study, an overall mean of 88.1% of stems in the sunny habitat and 89.6% of stems in the shaded habitat lacked any arthropods that actively fed on pale or black swallow-wort. Hence, swallow-wort populations apparently suffer very little to no arthropod damage in both of the two main habitat types they currently occupy, conÞrming earlier anecdotal reports (Sheeley 1992 , Christensen 1998 , Lawlor 2000 , Ernst and Cappuccino 2005 and quantitative surveys (Carpenter and Cappuccino 2005) for pale swallowwort growing in old Þelds. Therefore, even though some feeding guilds such as sap feeders (the primary guild occupied), leaf chewers (one rare species), and pollinators (also rare) are represented on pale and/or black swallow-wort, they seem to be of little long-term consequence to the plants. Other guilds (stem-and leaf-miners, gall-makers, rootstock-borers, and potentially root-and seed-feeders) are vacant for both species, similar to the report by Ernst and Cappuccino (2005) for old-Þeld populations of pale swallow-wort. This contrasts with the swallow-wort fauna in Europe, where V. hirundinaria Medik., a widespread species, is attacked by at least Þve species of specialized insects that defoliate the plants, feed on the roots, form galls in the ßower buds and follicles, and destroy seed. They include the leaf beetle Chrysochus (ϭEumolpus) asclepiadeus Pallas (Coleoptera: Chrysomelidae), the defoliating moth Abrostola asclepiadis (Denis and Schiff.) (Lepidoptera: Noctuidae), the gall midges Contarinia vincetoxici Kieffer and Contarinia asclepiadis (Giraud) (Diptera: Cecidomyiidae), and the predispersal seed-feeding ßy Euphranta connexa (Fabricius) (Diptera: Tephritidae) (Tewksbury et al. 2002b ). Other Vincetoxicum spp. in Europe also are attacked by many of these same insect species (unpublished data).
Arthropods That Completed a Generation on Swallow-Wort. Seven arthropod species, only two of which are native to North America, were able to complete at least one generation on one or both species of swallow-wort (Table 1 ). All represent new host plant records. Twospotted spider mite, which is a cosmo- politan pest species known to attack plants from Ͼ450 plant genera (Bolland et al. 1998) , was uncommon to very abundant on both species of swallow-wort. All life stages and characteristic webbing were observed in the Þeld. At one location in 2005 (Wehle State Park), twospotted spider mites reached estimated densities of up to 440 mites (not including eggs) on individual stems, likely because of the combination of shallow, drought-prone soils at the site and drought conditions for that year. Many patches showed extensive signs of chlorosis and were heavily webbed. I observed or received similar reports that same year from other locations in Jefferson and Monroe Counties in New York. Mite populations subsequently crashed as almost no twospotted spider mites were collected at pale swallow-wort sites in 2006, although populations were observed to have resurged at the Wehle site in 2007. They were able to complete several generations on pale and black swallow-wort in the laboratory, and this mite can potentially be a problem on swallow-wort in the greenhouse. The foxglove aphid, Aulacorthum solani (Kaltenbach), was uncommon on pale and black swallowwort. Alates and Þrst instars were usually collected in early to late May, with all stages of apterous forms being present throughout the summer. Foxglove aphids overwinter on a variety of perennial plants with persistent foliage, and they prefer a humid microclimate (Wave et al. 1965) , which may explain their presence on swallow-wort primarily in forest habitats. Swallow-worts are likely not overwintering hosts because their vines die in the fall. The foxglove aphid is a highly polyphagous species found worldwide and is considered a minor pest of potatoes; it has been previously recorded from V. hirundinaria (Blackman and Eastop 2006) . The foxglove aphid was extremely easy to culture on both swallow-wort species in the laboratory. In contrast, the spirea aphid, Aphis spiraecola Patch, another polyphagous species found worldwide (Blackman and Eastop 2006) , was only rarely collected late in the season from black swallow-wort, and only a few individuals completed their development and produced a few young. None of the other aphid species that were collected survived in the laboratory on swallow-wort plants and all are considered to be more host-speciÞc, being recorded from plant genera in other plant families (Table 1; Blackman and Eastop 1994) . They are therefore considered accidental on swallow-wort.
The oystershell scale, Lepidosaphes ulmi (L.), was only found on pale swallow-wort plants growing in the forest understory. The scales were rare and usually located on the swallow-wort stems, although some individuals were on leaf petioles. Several adult females collected in August 2006 were found with eggs (22.8 Ϯ 9.3 eggs per female, n ϭ 5), and approximately one half the eggs hatched in the laboratory. The number of eggs produced per female is within the range reported from various host plant species (10 Ð120 eggs; Kosztarab and Kozár 1988) . This cosmopolitan pest species has been recorded from 98 plant genera and is the second arthropod species from my survey that has been previously recorded from a Vincetoxicum sp. in Europe (Kosztarab and Kozár 1988) .
The two species of mealybugs identiÞed, Chorizococcus sp. prob. dentatus (Lobdell) and Heliococcus osborni (Sanders), were uncommon to common throughout the season. However, they may not be the only species of mealybug potentially capable of using swallow-worts as host plants (see Table 1 ). Furthermore, although both mealybugs completed a generation on one or both swallow-wort species in the laboratory, it is unclear if they readily do so in the Þeld or how their development and reproduction on swallow-wort compares to other host plants. Both species are native to North America, with H. osborni also being reported from Egypt (Kosztarab 1996) . H. osborni is considered to be polyphagous; C. dentatus has only previously been reported from Achillea millefolium L., Solidago sp., and Ambrosia sp. (Kosztarab 1996) .
Larvae and adults of the onion thrips, Thrips tabaci Lindeman, a cosmopolitan and polyphagous pest species (Nakahara 1994) , were frequently collected throughout the season on both pale and black swallow-wort in all years of the survey, although they were never abundant in the Þeld. The majority of individuals were found on the leaves; rarely were they in the ßowers. The onion thrips completed several generations on pale and black swallow-wort in the laboratory and also can be problematic on greenhouse-grown swallow-wort.
Arthropods That Developed to the Adult Stage. Two identiÞed and one unidentiÞed species of insects were able to complete their development to the adult stage on one or both species of swallow-wort, at least in the laboratory (Table 1) . I could not rear a complete generation because of either a limited number of individuals collected or some aspect of their biology. The ßatid Anormenis septentrionalis (Spinola) was present on both swallow-wort species, whereas the fourlined plant bug, Poecilocapsus lineatus (Fabricius), and tortricid moth were only collected from pale swallow-wort. I did, however, successfully rear several fourlined plant bugs to adulthood on black swallowwort. The characteristic feeding damage of the fourlined plant bug, consisting of transparent circular lesions (Wheeler and Miller 1981) , was the most distinct, albeit still rare, type of damage observed on pale swallow-wort in the Þeld. perennials (Wheeler and Miller 1981 , Wilson and McPherson 1981 , Johnson and Lyon 1991 .
Only three individual tortricids were collected from pale swallow-wort as immature larvae inside leaf shelters: one was lost, one was reared to pupation but was parasitized by an Orgilus sp. (Hymenoptera: Braconidae, Orgilinae), and one was reared to adult emergence but was too damaged to positively identify. This tortricid was the only leaf-chewing arthropod collected that was capable of developing on a swallowwort species. Although its (their) identity remains unknown, it is probably a polyphagous species. Other polyphagous tortricid species, e.g., Sparganothis pilleriana Denis and Schiff., have been noted from V. hirundinaria (DiTommaso et al. 2005) .
Arthropods That Are Accidental/Uncertain. Some arthropods could not be reared on swallow-wort because of their advanced stage at collection, so their ability to use swallow-wort is uncertain (Table 1) . For example, the large milkweed bug, Oncopeltus fasciatus (Dallas), was observed on black swallow-wort, and the small milkweed bug, Lygaeus kalmii Stål, was collected from follicles of pale swallow-wort. The latter species also has been observed feeding on follicles of pale swallow-wort by Ernst and Cappuccino (2005) . It is unclear how much these two species feed on swallowwort, although the European species Lygaeus equestris (L.) feeds on the developing seeds of black swallowwort (unpublished data) and V. hirundinaria, and another European lygaeid, Tropidothorax leucopterus Goeze, is considered monophagous on Vincetoxicum (Tullberg et al. 2000) . Earlier reports of feeding damage by the tarnished plant bug [Lygus lineolaris (Palisot de Beauvois), Hemiptera: Miridae] on pale swallow-wort (Lawlor 2000) could not be conÞrmed because I did not collect this species in my survey.
Insect pollinators were rarely observed on the ßow-ers of either species of swallow-wort, although pollinators were sometimes observed to be abundant on neighboring patches of common milkweed. Only two individual bees were recorded from the ßowers of pale swallow-wort (Table 1 ). The general absence of pollinators has been reported by others for pale swallowwort (St. Denis and Cappuccino 2004, Ernst and , although Christensen (1998) did observe various insects visiting the ßowers. Lumer and Yost (1995) also noted that various species of ßies visited the ßowers of black swallow-wort. Pollinators are not necessary for seed set as both species can self-fertilize (Lumer and Yost 1995 , St. Denis and Cappuccino 2004 , Milbrath 2008 .
For the remaining species collected (Table 1) , I saw no evidence of feeding or plant damage in the Þeld. Many of these species were placed on swallow-wort in the laboratory but all of them died (with or without feeding). This included several Þrst instars of the monarch butterßy (eight eggs from black swallow-wort and three eggs from pale swallow-wort, 0.2% of stems collected). It is unclear what percentage of monarch oviposition this represents because I did not make comparable collections on milkweed plants. DiTommaso and Losey (2003) and Mattila and Otis (2003) predicted that monarch oviposition on swallow-wort would be minimal, whereas Casagrande and Dacey (2007) reported much higher levels of Þeld oviposition by monarchs on black swallow-wort in Rhode Island. Hence, it remains unclear if Vincetoxicum spp. are an oviposition sink for monarchs or if displacement of host plants by swallow-wort is a greater threat to monarchs in the northeast. Some of the insects seem to be using swallow-wort as an oviposition (e.g., barklice) or pupation (e.g., Lepidoptera) substrate only, and other arthropods that were notably associated with, but not feeding on, swallow-wort in the shaded habitats included springtails, barklice, and mites in the genus Tydeus. Various species in this genus, as well as the family Tydeidae, have been variously described as being fungivorous, phytophagous, predaceous, or scavengers, although often their habits are unknown (Krantz 1978) .
A few predatory species were found in association with twospotted spider mite colonies on pale or black swallow-wort: Stethorus punctum punctum (LeConte) (Coleoptera: Coccinellidae), Scolothrips pallidus (Beach) (Thysanoptera: Thripidae), unidentiÞed predatory midge larvae and cocoons from which adults were reared (Diptera: Cecidomyiidae), larvae of the neuropteran family Coniopterygidae, and predatory mites, e.g., Neoseiulus sp. (Phytoseiidae). Predatory mites from the families Phytoseiidae [Euseius finlandicus (Oudemans)] and Anystidae [Anystis agilis (Banks)] were found associated with the tydeid mites. Other predators collected included Nabis subcoleoptrata Kirby (Hemiptera: Nabidae), Zelus luridus Stål (Hemiptera: Reduviidae), eggs and larvae of hover ßies (Diptera: Syrphidae), eggs of lacewings (Neuroptera: Chrysopidae), eggs of unidentiÞed lady beetles and a pupa of Anatis labiculata (Say) (Coleoptera: Coccinellidae), and spider egg sacs.
Biological Control. My survey of pale and black swallow-wort in New York has identiÞed a very limited number of generalist arthropod species feeding on the plants, primarily leaf-inhabiting sap-feeders. This result agrees in general with observations by Leimu et al. (2005) that the related species V. hirundinaria is rarely attacked by generalist herbivores in Finland, part of its native range. It is probable that more extensive sampling will show other polyphagous species feeding and reproducing on exotic swallowworts, especially in other parts of their North American range. Nevertheless, domestic surveys of other invasive plants in the United States, Canada, and New Zealand have shown a much greater number of mostly polyphagous insect species successfully attacking the plants, often with greater representation of different feeding guilds, compared with pale and black swallowwort, e.g., Russian thistle, Salsola tragus L. (Goeden and Ricker 1968) , milk thistle, Silybum marianum (L.) Gaertner (Goeden 1971) , Italian thistle, Carduus pycnocephalus L. (Goeden 1974) , poison hemlock, Conium maculatum L. (Goeden and Ricker 1982) , hawkweeds, Hieracium spp. (Syrett and Smith 1998) , purple loosestrife, Lythrum salicaria L. (Hight 1990 , Diehl et al. 1997 , Brazilian peppertree, Schinus terebinthifolius Raddi (Cassani 1986 , Cassani et al. 1989 , and mile-a-minute weed, Persicaria perfoliata (L.) H. Gross (Wheeler and Mengel 1984) . However, insect densities on these various plants also were usually low and the damage caused was not considered appreciable.
It does not seem that any specialist insects known to attack Vincetoxicum spp. in Europe have been unintentionally introduced, at least in New York, in contrast to some other invasive plant species in the United States (Del Fosse et al. 1976 , Mays and Kok 1988 , Tewksbury et al. 2002a ). Thus, exotic swallow-worts seem to have been released from their specialized natural enemies while not accruing a damaging suite of generalist herbivores (or pathogens) in either high-or low-light habitats, likely because of the presence of antibiotic compounds in the plants (Capo and Saa 1989, Mogg et al. 2008) . This enemy-release may be a contributing factor in the increasing invasiveness of these weeds (Williams 1954 , Keane and Crawley 2002 , Carpenter and Cappuccino 2005 , although other mechanisms also may be involved such as a known beneÞcial association with mycorrhyzal fungi .
A classical biological control program for Vincetoxicum spp. seems promising given the existence of reported specialist insects that attack various plant organs (Tewksbury et al. 2002b, unpublished data) . However, host-speciÞc biological control agents need to be identiÞed that also have the potential to effectively suppress populations of swallow-worts in both sunny and shaded habitats, such as through demographic matrix models (Shea and Kelly 2004, Davis et al. 2006) . Previous control efforts have usually focused on swallow-wort growing in sunny habitats because both swallow-wort species have higher densities and greater seed production in high-light than lowlight environments (Sheeley 1992 , Lawlor 2000 , Smith et al. 2006 unpublished data) . However, pale swallowwort is also very shade tolerant and is a growing concern for foresters (DiTommaso et al. 2005 , Hotchkiss et al. 2008 ; this is generally not the case for black swallow-wort (unpublished data). Different agents will likely be needed for the two habitat types, because many insects tend to favor one type of habitat (Coombs et al. 2004 , Piper 2004 . However, if this is not possible, an integrated weed management program will be needed to curtail the spread and negative effects of these two species in the various habitats they are invading.
